Since 1980, the amount of evidence implicating a bovine coronavirus as the cause of winter dysentery has been increasing. 13 Japanese workers were the first to recover a coronavirus from the feces of a cow with "epizootic diarrhea"; 15 this discovery was followed by similar reports from Belgium 2 and the United States. 1 Because coronavirus-like particles and coronavirus antigen can be found in the feces of a high proportion of normal dairy cows in some herds during the winter stabling season, 3,4 the significance of these isolations has been interpreted with some reservation. Serologic studies revealed hemagglutination-inhibition seroconversion to reference strains of bovine coronavirus in 59% of affected Japanese cattle; 15 workers from Ohio reported 4-fold or greater rises in serum neutralization (SN) titers in 19 of 26 animals (73%); 14 and the British, using a latex agglutination inhibition test, found seroconversion in 3 of 5 affected cattle? We recently reported 63% seroconversion by an enzyme-linked immunosorbent assay (ELISA) method, in 35 sick animals from 8 herds with winter dysentery. 16 Additional evidence, and perhaps the most convincing, that a coronavirus is responsible for winter dysentery, is the demonstration by immunoperoxidase and electron microscopy methods of coronavirus in damaged colonic epithelial cells and mucosal macrophages of both spontaneous and experimentally induced cases. 18 In the Netherlands, however, there has been a serologic association of Breda virus infection with the occurrence of winter dysentery. 7,10 Sera from 149 cows from 19 farms were tested by a blocking ELISA method, and 4-fold or greater seroconversion was found in 7-60% of cattle tested from 10 of the farms; cattle from 9 farms showed no seroconversion. In view of questions raised about the respective roles of Breda virus and coronavirus, previously assembled and some newly acquired sera were tested (retested in the case of previously assembled sera) for the presence of antibodies to these 2 viruses. The procedure used to obtain and select the sera used in this study was described in the prior report. 16 Two serotypes of Breda virus are recognized; Breda virus serotype 1 (BRVl) represents the original isolate from Breda, Iowa, and serotype 2 (BRV2) comprises an isolate from Ohio and the second Iowa isolate. Thus far, Breda virus has not been successfully propagated in tissue culture; therefore all studies conducted with this agent employ density-gradientpurified virus particles obtained from an experimentally in-fected calf. 9 BRV2 is used for routine diagnostic tests because it is more stable than BRVl . 8 A direct blocking ELISA that has been previously described was used to detect antibody to Breda virus. 9, 11 Serum neutralization anti-coronavirus antibody titers were determined by a method similar to that employed for rotaviruses. 6 Nebraska strain calfhood diarrhea coronavirus (No. 874 from the American type culture collection) was grown in Madin Darby bovine kidney cells in the presence of 0.1% pancreatin and in the absence of serum. Four-fold serial dilutions of test sera were challenged with 200-500 TCID 50 for 90 minutes at 37 C. Four-or 5-day-old cell monolayers in microplate wells (grown in Eagle's minimum essential medium [EMEM] with 10% fetal calf serum) were washed free of serum, inoculated with 200 µ1 of the serum-virus mixtures (adsorbed at 37 C for 120 minutes), then rinsed and incubated further (with EMEM and pancreatin). The test was read after 2-4 days, and the antibody titer was expressed as the reciprocal of the highest serum dilution that completely inhibited cytopathic effect.
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Acute and convalescent titers, the latter taken 14-26 days after the onset of illness, were determined for 37 cattle with winter dysentery. Results are summarized in Table 1 . Of 36 cattle tested for serum neutralizing antibodies to bovine coronavirus, 22 (61%) showed a ≥ 4-fold seroconversion; of 37 tested for Breda virus antibody, only 3 (8%) had a ≥ 4-fold seroconversion. Seven of the 8 herds tested had seroconversion to bovine coronavirus during recovery from winter dysentery.
The 61% seroconversion to bovine coronavirus of affected cattle in herds with winter dysentery agrees very well with results reported previously from Japan (59%), Great Britain (60%) and the United States (63%). 5, 15, 16 When a comparison was made of serologic findings for 28 cattle that were studied by both SN and ELISA, SN recognized a 4-fold change in anti-coronavirus titer in 17 of 28 cattle, versus 20 of 28 for the ELISA. 16 The Dutch workers compared serologic findings from 149 affected cows from 19 farms with those of 67 healthy cows from 8 farms without dysentery, a comparison we have not made. They found no statistical difference in the numbers of seroconversions to coronavirus between the two groups. 10 In view of the low number of seroconversions recorded (13 in 149 tested), coronaviruses appear to be less important in winter dysentery in The Netherlands than they are in the United States and several other countries. Baseline studies are needed to determine how many dairy cattle in the United States seroconvert during winter stabling without showing signs of winter dysentery.
In The Netherlands, seroconversion to Breda virus occurred 3.5 times more frequently in cattle with winter dysentery than in healthy controls. 10 Cattle seroconverted at 10 farms studied but not at all at 9 farms with disease (6-10 animals were tested per farm). Among the 10 farms with winter dysentery at which seroconversion occurred, 6-14 cattle per farm were sampled, and seroconversion occurred in 60%, 50%, 43%, 30%, 17% (4 farms), 10%, and 7% of the cattle tested. In the northeastern United States, there was 8% seroconversion to Breda virus.
Although these findings suggest that Breda virus was not important in the herds we studied, we have recently documented significant seroconversion to both Breda virus and coronavirus in 1 New York herd with winter dysentery. Both viruses were demonstrated in a pooled fecal specimen (by immunoelectron microscopy), and dual infection was reproduced in an experimental herd. In 4 of the 10 Dutch herds that seroconverted to Breda virus, there were also seroconversions to coronavirus, 10 suggesting that both viruses were active at the time of winter dysentery. Our experience with adult cattle suggests that there may be clinical differences between Breda virus diarrhea and coronavirus winter dysentery. However, these differences must be defined more extensively by experimental inoculations. Thus far, only calves have been experimentally infected with Breda virus, and the lesions in this age group have been described. 12 The frequency and distribution of Breda virus infection in adult cattle in the United States have not been defined.
This serology extends our observation that winter dysentery is associated with coronavirus infection. Workers in Ohio reported that they had recovered the coronavirus responsible for winter dysentery; 1 however, their organism was isolated from calves that had been given a mixed fecal inoculum from a diseased herd, and it is equally possible that they merely recovered an endemic calf diarrhea coronavirus. The high incidence of coronavirus shedding in normal stabled animals 6. Gaul SK, Simpson TF, Woode GN, Fulton RW: 1982, Antiis well established. 3, 4 Winter dysentery and calfhood coro- There may be sufficient antigenic variation to preclude adults 9. Koopmans M, Van den Boom U, Woode G, Horzinek MC:
from infection with the calf diarrhea coronaviruses and to preclude calves from the winter dysentery coronavirus. Koch's postulates remain to be fulfilled.
